Introduction
This year has seen the 150 th anniversary of the Park Grass experiment, designed to study the impact of fertiliser regimes on species diversity and soil function in ungrazed permanent grassland, at Rothamsted Research in Harpenden, Hertfordshire. This is one of the long-term experiments for which Rothamsted is renowned worldwide, the very oldest being the Broadbalk experiment, begun in 1843 to examine the impact of fertiliser regimes on winter wheat yield. In comparison, t he networks of t raps for studying insect dynamics are youthful but, beginning as they did around half a century ago, t hey provide t he most comprehensive, standardised sampling in the world of any invertebrates and fulfil a vital role in providing data for Rothamsted's research into t he biodiversity, ecology and functioning of agroecosystems. This article briefly describes the networks and what they have achieved with respect to insect control and conservation issues, answers a few frequently asked questions and looks at their future r ole in t he light of changing priorities in the agricultural landscape.
The Rothamsted Insect Survey
The Rothamsted Insect Survey operates two national networks for monitoring insect populations in the UK. The history of the networks has been described before. Suffice it here to laud C.B. Williams, C.G. (Johnny) Johnson and L.R. (Roy) Taylor, w hose s cientific genius, foresight and determination made it possible, and refer to Taylor (1974 Taylor ( , 1979 Taylor ( , 1986 and Woiwod & Harrington (1994) .
A suction trap network, run with the help of the Scottish Agricultural Science Agency and trap operators at sixteen sites, is used primarily to monitor aphids. The traps (Fig. 1 ) are 12.2m tall and sample 0.75m 3 air per second. Their design and construction are described by Macaulay et al . (1984) . The t rap at Rothamsted dates back t o 1964. Currently the UK network comprises 16 traps (Fig. 2) . The traps are run continuously, daily samples being taken during the`aphid s eason', u sually from early April u ntil mid November, and weekly samples at other times. Aphids are identified to species where possible although, because of the need for rapid throughput and the subsequent use of low power binocular microscopes, some can only be identified to species group or genus. Although no other insect groups are identified routinely, all samples are kept, and there has been increasing use of the non-aphid fraction. Seventy three traps based on the Rothamsted design are now operated in 20 European and Scandinavian countries. In some countries only a subset of the aphid species is identified and not all insects are kept. However, all available data are being incorporated into a s ingle database created u nder the auspices of t he EU Thematic Network`EXAMINE' (Harrington et al ., 2004) .
A light trap network (Figs 3, 4) , run with the help of volunteers at about 80 sites in the UK, is used to monitor the larger (macro) moths. Daily samples are taken throughout the year, and altogether over 430 sites have been sampled. The data from both networks have a range of applications in fundamental and applied aspects of insect population dynamics and ecology, some of which are briefly outlined below.
Seasonal and long-term population dynamics
The availability of daily data allows the annual flight phenology (seasonal pattern of activity), abundance and distribution of s pecies to be s tudied, and t he long-term nature of the data facilitates analyses of changes in these records over many years and the formulation of hypotheses to explain these changes. In the case of aphids, the time of the first suction trap record in a year has become earlier for many species, for example the peach-potato aphid ( Myzus persicae ) (Fig. 5 ). This is closely linked w ith w inter temperature, t he first record of M. persicae advancing by about two weeks for every degree centigrade rise in the mean temperature of January and February (Fig. 6 ). Such relationships hold for aphids which pass the winter in the mobile stages, as they are killed by low temperature, but can continue development and reproduction when conditions allow. The relationships are sometimes less strong for those aphids that overwinter as cold-hardy, diapausing eggs. As the rate of advance in the planting of spring crops has generally not matched the rate of advance in aphid phenology, aphids are tending to arrive in crops at earlier growth s tages, w hich are u sually more susceptible than older plants to damage caused both by removal of s ap and by aphid-borne v iruses. Annual abundance has shown no significant upward or downward trend for most aphids s tudied and t he r eason for this probably centres on r elationships with natural enemies. Earlier starts to flight activity tend to go hand in hand with larger numbers in spring and early summer. This leads to a boom time for natural enemies which hence tend to keep numbers of aphids down later in the season. The time that the last winged aphids are caught is also tending to get earlier, so that overall season lengths for aphid flight are little changed.
THE ROTHAMSTED INSECT SURVEY
The t otal biomass of insects in t he s uction t raps at Rothamsted, Wye (Kent) and Starcross (Devon) did not change significantly over the thirty year period from 1973 to 2002. However, it declined significantly at the Hereford site (Fig. 7 ), but from a higher start point than at the other three traps. Larger Diptera, especially from the family Bibionidae, contribute most to total biomass in this trap. Such data might help to explain the changing fortunes of farmland birds, but formal analyses linking bird and suction trap data have not yet been done except at Stirling (Benton et al ., 2002) .
Recent analysis of the light-trap data has highlighted alarming declines in numbers of British moths. Of 3 37 species of common moth, twice as many have been declining as increasing (Fig. 8) and 20% have been declining at a rate that, by IUCN definition, would classify them as threatened or endangered (Conrad et al ., 2006) . It is not yet known what is causing these declines, but climate change is certainly implicated. In contrast, those moths whose larvae feed on lichens and conifers have tended to increase in parallel with their hosts (Conrad et al ., 2004) .
Changes in abundance are often mirrored by changes in distribution. In the case of the garden tiger moth ( Arctia caja ) distribution centres have tended to shift from the south and west, to the north and east, probably because of the winter climatic sensitivity of the larval stage (Conrad et al ., 2002) . Changes in the distribution of aphids are often difficult to monitor using the suction traps because most species which are common enough t o provide s tatistically significant distribution data are ubiquitous. However, species new to the UK suction trap dataset appear at a rate of about one every two years. The first UK record of the Italian alder aphid ( Crypturaphis grassii) came from t he s uction t rap at Rothamsted (Harrington, 1998) 
Population genetics and gene flow
It is possible to extract DNA from trapped aphids and to study populations at the level of the clone. This is done routinely for the grain aphid ( Sitobion avenae ) from four traps and the changing fortunes of clones have been tracked (Fig. 9) over a ten year period. Some clones have become more prevalent during t his, s ome r arer and s ome have remained static. Some of these clones are now kept in culture and work will be done to identify traits that help explain their different degrees of s pread and persistence. Unfortunately, there is only very limited scope for examining DNA profiles of samples more than ten years old as, prior to the development of molecular genetic t echniques, aphids were cleared in lactic acid to aid identification, a process which destroys DNA.
Monitoring,forecasting and supporting control decisions
Relationships such as those shown in Fig. 6 facilitate advance warning as to whether flight activity is likely to begin early, at an average time, or late. It is also possible to predict the numbers trapped up to mid to late June. A range of statistical techniques has been used to examine relationships between the aphid data and many climatic and land use variables. For site-specific forecasts of t he t iming and s ize of s pring migrations, t he s imple linear relationship w ith w inter temperature works as well as anything else tried for many species. In spite of the very significant relationships found, the confidence limits are usually very wide and the forecasts should be seen as indicative and not precise. Forecasts are issued to industry sponsors and followed by weekly bulletins tabulating numbers of key pest species in each trap. The bulletins can be seen at www.r othamsted.bbsrc.ac.uk/insectsurvey/ but cannot be interpreted easily by those not familiar with aphids and t he monitoring methodologies.
Interpretations, which make comparisons with past years and potentially aid control decisions, are made available to sponsors.
The status of three insecticide-resistance mechanisms can be assessed in individual aphids trapped, as can the presence of persistent viruses in their bodies. This is done routinely for the M. persicae and sugar beet viruses using immunological techniques, although these are now being replaced by DNA diagnostic techniques. This information is also used to help guide control decisions.
Biological impacts of global environmental change
In the statistical relationships outlined above, environmental change s cenarios can be s ubstituted and t heir potential impacts on pest dynamics assessed. For example, t he relationship shown in Fig. 6 suggests that for every ˚C rise in winter temperature, t he migration of M. persicae in t he Rothamsted area w ill begin 16 days earlier. Whilst this example uses only a simple index of winter temperature, the relationship on w hich it is based holds in s pite of any influence of other climatic or biological variables. However, combinations of values of these variables outside current experience may occur that affect the s tability of t he relationships shown and reduce their predictive value.
Recently, Europe-wide models have been produced in an attempt to assess the impact of environmental and land use changes on aphid dynamics (Cocu et al ., 2005a; Harrington et al ., in press ). Whilst many of these models show highly significant relationships, they rarely account for as much variance as simple single-site models, probably because of aphid clinal adaptations to the environment.
Impacts of climate change on the Barley/Cereal yellow dwarf virus complex in the UK have been assessed on the basis of impacts on the aphid vectors (Harrington, 2003) . Suction trap data have shown that warmer winters tend to lead to higher proportions in the following autumn of the cereal colonising form of one of the main vectors, the bird cherry-oat aphid ( Rhopalosiphum padi) (as opposed to the form that lays eggs on bird cherry and is of little consequence in virus spread in winter crops). Warm winters also facilitate movement of aphids and s pread of v irus. Furthermore, higher numbers of these aphids occur after a wet summer as this promotes wild grasses that act as bridge hosts between the ripening of one crop and emergence of the next. Two warm winters, with a wet summer in between, may pose a particular threat in t hat second w arm w inter. This combination of conditions is expected t o increase in frequency in the north and the west but remain fairly static in the south and east.
Frequently asked questions

Why was the height of 12.2 meters chosen for the suction traps?
The density of aphids falls off with height at a lower rate than the density of most other insects (Taylor, 1979) . Thus, the higher the trap aperture, the greater is the proportion of aphids in a sample. Also, the higher the trap aperture, the THE ROTHAMSTED INSECT SURVEY more randomly insects are distributed as a result of wind turbulence and convection processes. This reduces the influence of the immediately surrounding vegetation on what is caught and results in a greater area being represented by a single trap. 12.2m was seen as a sensible compromise and was also reckoned to be the logarithmic mean height of aphid flight (Taylor 1974) .
What area is represented by a trap?
When possible, suction traps are sited in reasonably flat areas as far as possible from tall objects. Taylor (1974) showed that, under such circumstances, there are strong positive correlations between numbers of individual species, families and orders of insects caught in t raps 80km apart (Rothamsted and Broom's Barn) and s till s ignificant correlations between traps nearly 400km apart (Rothamsted and Newcastle). These figures were supported by Cocu et al . (2005b) who used spatial autocorrelation analyses of data from traps throughout northwest Europe to show that, for M. persicae , individual traps were correlated over distances up to approximately 700km.
What is the relationship between trap data and field infestations?
Suction traps, of course, only provide data on winged aphids, whereas populations on crops usually comprise mainly wingless forms. The traps can thus measure densities of aphids that have t he potential for entering crops, and densities of aphids that are leaving crops. The former are generally the more u seful w ith r espect to provision of information to growers, but the latter often involve greater numbers. Suction t raps provide a r egional indication of aphid abundance. Numbers in fields within a region vary greatly according t o landscape characteristics such as topography, and field characteristics such as size, boundary vegetation and aspect (Foster et al ., 2 004) . Harrington (2002) showed that the numbers of R. padi caught in the suction t rap at Rothamsted w ere s trongly positively correlated with numbers landing in nearby cereal crops in autumn (Fig. 10) . However, crops can be colonised by aphids flying at densities too low for reliable detection by the traps and, if subsequent conditions are ideal for development and reproduction, large numbers may build up in crops and it will not be until winged aphids leave crops that the suction trap record will tell the story.
The next half century
Environmental change issues are increasingly relevant to pests of agriculture and t o t he biodiversity of agroecosystems. There are no other long-term UK datasets capable of assessing t he impact of s uch changes and demonstrating their occurrence, and this will continue to form a major thrust of the research using the data. Many aphid species that have not been crop pests in the UK are well known in suction trap samples in other parts of Europe and their spread will be monitored with interest. The recent invasion of t he highly competitive and polyphagous harlequin ladybird ( Harmonia axyridis ) has raised much concern over possible impacts on native ladybirds. The suction trap network is in a position to provide baseline data on the guild of aphid natural enemies, against which changes can be observed, although funding is needed to achieve this.
Many opportunities for improving u nderstanding of insect dynamics arise from the availability of genotyping techniques. The stability of individual clones of aphids in time and space is being studied and is leading to work to discover why some clones are widespread and persistent, whilst others are localised and ephemeral. As the techniques become cheaper and more rapid, it will become easier to test whether particular clones are relevant to particular crops whilst others are not, and to tailor information provision accordingly. Figure 10 . Relationship between numbers of Rhopalosiphum padi in a suction trap and on sticky-wire (`Labonne') traps designed to measure numbers alighting in a crop.
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